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TTTIfff 
POLYMER SYNTHESIS 



1. Field of the Invention 

S This invention relates to a process for the synthesis of block copolymers and 

polymers of narrow polydispersity based on radical polymerization of monomers in the 
presence of unsaturated chain transfier agents. 

2. Background 

Block copolymers are useful as pigment dispersants, surfactants, 

10 compatibilizers for polymer blends, thermoplastic elastomers and in a variety of other 
applications. Polymers with narrow molecular weight dispersity can enhance mdt 
viscosity behavior, solids-viscosity relationships of polymer solutions and sharper mdt 
transitions than the same composition at a higher polydispersity. 

Conventional commercial techniques for synthesizing narrow polydispersed 

IS polymers and block copolymers include free-radical polymerization. Radical 

polymerization may be accompli^ied: (1) through the use of pseudo or quasi-living 
polymerization. These techniques make use of low molecular weight transfer agents 
and/or chain terminators; (2) through the use of transformation chemistry; (3) through 
the use of multifimaional or polymeric initiators. 

20 This invention provides a method of employing certain vinyl compounds in the 

^nthesis of polymers with narrow molecular weight distribution and block 
copolymers by free radical polymerization. Block copolymerization by radical 
polymerization has been described in PCT Application No WO 93/22355 ThisPCT 
application describes the mechanism of block copolymer formauon but docs not define 

25 conditions necessary for the preparation of high purity block copolymers, nor 
formation of narrow polydispersity resins. 



STTMMARV OF THE INVENTION 
This invention is directed to a process for the synthesis of polymers (block, 
30 homo- and copolymers) of the general formula: 



CH2 — ^~~CH2- 



Jm 



t 



-CHr-z 
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comprising contacting: 

(i) a vinyl monomer of the fonnula 

CH2 = CUV 
Cu) a vin^-tenninated compoimd of fonmsla 



S and 

(iii) free radicals, produced from a free radical source; and 
increasing the molar amount of polymers, 1, by one or both of: 

(a) decreasing the molar amount of (iii) for any given conversion of (i); 
and 

10 (b) decreasing the molar amount of(i) for any given conversion of Gii); 

wheran: 

Q is selected from the group H, R, OR. O2CR. halogen, CO2H, CO2R, CN. 

CONH2, CONHR and CONR2; 
U is selected from H and R; 
15 V is selected from R, OR, O2CR, halogen, CO2H, COjR, CN, CONH2, CONHR 
and CONR2; 
X is selected from H and R; 

Y is selected from R, OR, O2CR, halogen, CO2H, CO2R, CN, CONHj, CONHR 
and CONR2; 

20 Z is selected from the group H, SKK S(0)R, S(0)2R, R2 and R^ 

R is selected from the group substituted and unsubstituted alkyl, aryl, aralkyl, 
alkaryl and organosilyl groups wherein the substituent(s) are independently 
selected from the group carboxyl, epoxy, hydroxyl, alkoxy, amino and halogen; 
Rl is selected from the group H, substituted and unsubstituted alkyl, aiyl, aralkyl, 
25 alkaryl, organoalyl wherein the substituent(s) are independently selected from 

the group carboxyl, epoxy, hydroxyl, alkoxy, amino and halogen; 
r2 is selected from the group free radical initiator-derived fragments of substituted 
and unsubstituted alkyl, cycloalkyl, aryl, aralkyl, alkaryl, organosilyl, alkoxyalkyl, 
alkoxyaryl, sulfate groups wherein the substituent(s) are independently selected 
30 from R, OKK O2CR, halogen, CO2H (and sahs), CO2R. CN, CONH2, 



2 
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10 



CONHR,CONR2, —C^ (and salts) and — C (and salts); 

H ^2 

is selected from the group radical chain transfer agent-derived fragments of 
substituted and unsubstituted alkyl, cydoalkyl, aryi, aralkyl, alkaiyl, organosilyl, 
alkoxyalkjd, alkoxyaiyl, and PR2 groups wherein the substituent(s) are 
independently selected from R, OR^ SR, NR2, NHR. O2CR, halogen, CO^Ii 
CO2R. CN, CONH2, CONHR, and CONR2; 
m and n are indq>endently > 1; and 

when either or both of m and n are greater than 1, the repeat units are the same or 
dififerent. 

Each allcyl in the defined substituents is tndependemiy selected from branched, 
unbranched, and cyclical hydrocarbons having 1 to 20, preferably 1-12, and most 
preferably 1-8 carbon atoms; halo or halogen refers to bromo, iodo, chloro and fiuoro» 
preferably chloro and fiuoro, and organosilyl includes -SiR^(R5)(R6) and the like, 
wherein R"*, r5, and R^ are independently aUcyl, phenyl, alkyl ether, or phenyl ether, 
1 5 preferably at least two of R^ r5, and R^ being a hydrolyzable group, more preferably 
two ofwhich are alkyl ether, wherein alkyl is preferably methyl or ^hyl. Aphu^tyof 
silyl groups can be condensed; for example, an organopolysiloxane such as -Si(R^)2- 
0-Si(R5)2R6 wherein R^ r5, and R^ are independently alkyl. 

Preferred monomers are methyl mcthacrylate, ethyl methacryiate, propyl 
20 methacryiate (all isomers), butyl methacryiate (all isomers), 2-ethylhexyl methacryiate, 
isobomyl methacryiate, methacrylic acid, benzyl methacryiate, phenyl meihacrylaie, 
methacrylonitrile, alpha methyl styrcne, methyl acryiate, ethyl acrylate, propyl acrylate 
(all isomers), butyl acrylate (all isomers), 2-ethylhexyl acrylate, isobomyl acrylate, 
acryUc acid, benzyl acrylate, phenyl acrylate, acrylonitrile, styrene, fiinaional 
25 methacryiate, acrylates and styrene selected from glyddyl methacryiate, 2- 

hydroxyethyl methacryiate, hydroxypropyl methacryiate (all isomers), hydroxybutyl 
methacryiate (all isomers), diethylaminoethyl methacryiate, triethyleneglycol 
methacryiate, itaconic anhydride, itaconic acid, glyddyl acrylate, 2-hydroxyethyl 
acrylate, hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), 
30 diethylaminoethyl acrylate, triethyleneglycol acrylate, methacrylamide, N-tert-butyl 
methaoyianiide, N-n-butyi methacrylamide, N-metfayl-ol methacryiamide, N-ethyl-ol 
methacrylamide, N-tert-butyi acrylamide, N-n-butyi acryUunide, N-methyl-ol 
acrylamide, N-eth^-ol acrylamide, vinyl benzoic add (all isomers), diethylamino 
styrene (all isomers), alphamethylvinyl benzoic add (aU isomers), diethylamino 
35 alphameth^styrene (all isomers), para-methylstyrene, p-vinyl benzene sulfonic add, 
trimethoxysil}ipropyl methacryiate, triethoxysUylpropyl methacryiate, 
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tributoxysilylpropyi metfaacniate, dimethoxymethyialyipropyl methacrylate, 
di^xymetfayl-silylpropylmethacrylate. dibutoxymethylalylpropyi metbaoylate, 
diisopropoxymethylsaylpropyi methacrylate, dimethoxyaaylpropyl methaoyiate. 
(fietfaoxysl^rop^ methacrylate. (fibutoxysilylpropyl methacrylate, 
S diisopropojvalyiprc^ methacrylate, trimethoxysOylpropyl ao^rtate, 

triethoxysUjdprop^ acr^e, tributoxysilylpropyi acryiate. dimethoxymetfajdsilylpropyl 
acrylate, diethoxymethylal^propyl acr^e, dibutoxymethylalylpropyi acryiate. 
diisopropoxymethylsilylpropyl acr^ate. dimethoxysitylpropyl acryiate, 
diethoxysilylpropyl acryiate, dibutoxyalylpropyl acrj^te, diisopropoxysiljdpropyl 
10 acryiate, vinyl acetate, and vinjd butyrate, vinyl chl<mde, vinyl fluoride, vinjd bromide. 
In a preferred process, (ii) is selected where Q, -XYC-CH2- and 2 are 
independently selected from one or more of the following: 
Q» H, methyl, ethyl, butyl (all isomers), cyciohexyl.methoxy,ethoxy,propoxy, 
butoj^ (all isomersX phenoxy, acetate, proinonate, butyrate (all isomers), 
15 benzoate, caiboxylate, dilorine. Imomine, fluorine, iodine, nitrile, amide, N- 

methylamide, N-ethylamide, N-propylanride. N,N-dimethylamide. N.N- 
dieth)damide, N,N-dibutylamide. N-methyl-N-ethjdamide, carboxylate ester of 
methyl, ethyl, propyl, butyl (all isomers), benzyl, phenyl, 2-hydroxyethyl, 3- 
hydroxypropyl, 2-hydroxypropyl, 4-hydroxy-butyl (all isomers). 3- 
20 hydroxybutyl (all isomers). 2-hydroxybutyl, 3-trimethoxysilylpropyl, 3- 

triethoxysilylpropyl. 3-tributoxy-silylpropyl. 3-tri(isopropoxy)sil3^propyl, 2- 
aminoethyl, 3-amino-propyl, 2-aminoprppyl, 4-aminobutyl (all isomers), 3- 
aminobutyl (all isomers), 2-aminobutyl (aU isomers). 2-q)Oxypropyl. or 3- 
epoj^ropyl; 

25 -XYC-CH2- = derived from one or more of the following monomers: methyl 
methacrylate, ethyl methacrylate, propyl methacrylate (all isomers), butyl 
methacrylate (all isomers). 2-ethylhexyl methacrylate, isobomyl methacrylate, 
methacrylic add, benzyl methacrylate, phenyl methacrjdate, methacr^^onitrile, 
styrene, alpha methyl styrene, glyddyl methacrylate, 2-hydroxyethyl 

30 methacr^te, hydroxypropyl methacrylate (all isomers), hydroxybuQd 

methacrylate (all is(»ners), (Bethylaminoethyl methacrylate, triethyleneglycol 
methacr^ate, N-tert-butyl methacrylamide, N-n-butyl methacrylamide, N- 
meth)d-ol methacrylamide, N-ethyl-ol methacrylamide, trimethoxysilylpropyl 
methacrylate, triethojtysilylpropyl methaaj^e, tributoxysilylpropyi 

35 methacrylate. dimethoxymethylsilylpropjd methacrjdate, 

diethoxymethylsUylpropyl methacrylate. dibutoxymethylsUylpropyl 

methacrjdate. diisopropoxymetl^lsilylpropyl methaa^e, 

dimeth igrsi^propyl methacr^ate, diethoxysilylpropyl methacrylate. 
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dibutos^silylprop^ methacrylate, diisopropoxysifylprop^ methaoylate; metfa^ 
aa^ate» etfayl acr^ate. propyl aoylate (all isomersX butyl actuate (all 
isomersX aciylate, isoborn^ aoylate. aci^ add, benz^ actuate, 

pheoyl aciylate, aoylooitrile, styrene, giyddyl aoylate, 2-hydroxyetliyl 
5 acrylate, faydroxyprop^ acrylate (all isomers), hydroxybut^ aoylate (all 

isomersX dietfaylaxninoeth^ aoylate, trietli^enegtycol aoylate, N*tert-butyl 
ao^amide, N-n-butyi aoylamide, Nnnetfa^-ol aoylasnde, N-ethyl-ol 
aoylamide, vinyl benzoic add (all isomers), dielfaylamino styiene (all isomers), 
p-vinyl benzene sulfonic add, para-methylstyrene, trimethoxysilylprop^ 

10 aoylate, triethoxysilylpropyl aoylate, tiibutoxyal^propyl ao^ate, dtmedioxy- 

metfaylsilylpropyl aoylate, diethoxymethylsiljdpropyl aoylate, (fibutoxy- 
methylsilylpropyl aoylate, diisopropoxymetfaylsilylprop^ acndate, dimethoT^- 
sil^propyl aoylate, diethoxysilylpropyi aoylate, dibutoxysilylpropyl aoylate, 
diisopropoxysilylpropyl aoylate, vinyl acetate, or vinyl butyrat^ 

15 Z= H,SR^S(0)R,S(0)2R,R2,orR3; 

R = methyl, eth^ propyl, n*butyl, tert-butyi, isobutyl, phen)i, benzyl, 2- 

phenylpropyl, trimethoxysilylpropyl, tributoxysilyl-propyl, hydroxymethyl, 2- 
faydroxyetfayl, 2-hydroxypropyl, 2-epoxyprop^ 2-aminoethyl, 2-aminoprop^ 
methos^methyl, 2-metlioxyethyl, 2-ethoxyetliyl, 2-metho9^-propyI, or 

20 heptafluoropropyl; 

Rl = hydrogen, meth)i, ethyl, propyl, n-butyl, tert-butyl, isobut^d, phenyl, benzyl, 2- 
phenylpropyl, trimethoxysil^-propyl, tributoxy»lyipropyl, hydroxymethyl, 2- 
hydroxyethyl, 2-hydroxypropyl, 2-epoxypropyl, 2-aminoethyI, 2-aminopropyl, 
methoxymethyl, 2-methoxyethyl, 2-ethoxyethyl, 2-methoxypropyl, or 

2S heptafluoropropyl; 

R2 = 2,4-dimethylpentanenitrile, 2-methylbutanenitrile, 2-methylpropanenitrile, 
cyclohexanecarbonitrile, 4-cyanopentanoic add, N,N*-dimethyleneiso- 
butyramicfine, N,>r-dinietliyleneis6butyramidine hydrochloride, 2- 
amidinopropane, 2-anudinopropane hydrochloride, 2-methyl-N*[l,l- 

30 bis(hydroxymethyl)ethyl] propionamide, 2-nieth)d-N-[ 1 , 1 -bis(hydroxyniethyi)- 

2-l^droxyethyl] propionamide, 2-methyl-N«(2-hydroxyethyl) propionamide, 
isobutyamide hydrate, hydroxyl, or sulfate; 
R^» l,l-bis(carboetho3Qr)etlqrl, l,l-bis(carfoomethoxy)eth^ bis(carboethoxy)- 
meth^ bi8(cafbomethoxy)methyl, l-caiboethoi^-l-phenyl ethyl, 1-caibo- 

35 methoxy-l-phenyl ethyl, dilorine, bromine, fluorine, iodme, 1-methyl-l* 

[caibo(2-epoJ7propo37)]etii^ l-methyl-l-[Garbo(2-hydroi7ethoigf)]etfa^ 1- 
nietfayl-l-[carbo(4-bydro)7-butoxy)]^fa^ l-methyl-l-[carbo(2- 
ammdethoxy)]ethyl, l-methyl-l-[caib (3-trimeth xysil^propoiQr)]etb^ 1- 
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methyH-[carbo(3-triclh xysilylpropoxy)]cthyl, l-incthyH-[carbo(3. 
tiimcthoxycthoxysiljdpropoxy)]cthyl, l-methjd-l-[caibo(2-mcthoxy- 
cthoxy)lcthyl, (N,N-di-methyiainiDoXcyaiio)mct^ N,N-dimcthylainiiio- 
(bcnzo)mcthji thionicthyl(cyano)mcthjd, or thiocthyl(cyano)methyl. 

5 

In a p refe rred process, C^) is derived from one or more of the following 
initiators: 2.2'-azoWsCisobutyronitrile), 2,2*-az«*is(2-biitancnitrileX 4,4'-azolus(4- 
cyanpentanoicadd), l,r-azobis(cyclohcxane-carbonitrilc), 2Kt-butylazo)-2. 
cyanopropane, 2,r-azobis[2-methyl-NKl,l)-bis(hydoxymethyl>2-hydroxy^ 

10 propionamide, 2,2*-azobi5[2.mcthyI-N-hydroxycthyl)]-propionamidc 2,2'- 

azobis(N,N'-<fimethylenasobutyraimdinc) dichloride, 2,2*-azobis(2-ainidinopropane) 
dichloridc, 2,2'-azobis(N,N'KiimctM«cisobutyramidc), 2,2'-azobis(2.meth5d-N-[l.l- 
bis(hydroxymcthyl)-2-hydroxyethji] propionamide), 2,2'-a2obis(2-methyl-N-[l,l- 
bis(hydro5qanethyl) ethyl] propionamide), 2,2'-az6Ws[2-methyi-N-(2-hydroxyethyl) 

15 propionamide], 2,2'-azobis(isob\ityramide) (tifaydrate, t-butyl-peroxyacctatc, t- 
butyiperoxybenzoate, t-but^peroxyoctoate, t-butyiperoxyneodecanoate, t- 
but^peroxyisobutyratc, t-amylpcroxypivalate, t-butylpcroxypivalate, cumcnc 
hydroperoxide, dicumyl peroxide, benzoyl peroxide, potassium pcrsulfate, anunonhmi 
persiil£eUe. 

20 

DETAILS OF THE INVENTION 
Compound (2) can be prepared by several methods. Two non-restrictive 
examples of convenient methods of preparing compounds of structure (2) are by free 
radical polymerization in the presence of cobalt transfer agents or organic transfer 
25 agents that arc capable of chain transfer by addition fragmentation. Cobalt chain 
transfer agents represent a broad class of complexes some of which arc described in 
U.S. Patent No. 4,694,054, U.S. Patent No. 4.680,352, U.S. Patent No. 4,722,984, 
and WO 87/03605. 

Organic chain transfer agents inchide all^c sulfides, allyiic bromides, viiiyl 
30 tenninated methacrylic oligomers (dimers, trimers, etc or distributions), a- 

methylstyrene dimer and rdated compounds. Other methods of preparation are also 

possible. 

Said compoumis of structure (2) can also be a block copolymer of general 
structure ( 1 ) and the process can then be used to form tri- or multiblock copolymers. 
35 Substitucnt Q of (1) and (2) is chosen to convey appropriate reactivity to the 

double bond in radical polymerization of tfie desired monomer or monomers under 
polymerization conditi ns. It should preferably be aryl, CO2H, CO2R, CN, or 
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CONR2 in the case of activated monomers {e.g. styrene, acrylics) or H. R, OR, O2CR, 
or halogen in the case of non activated m nomers (e. jr. vinyl acetate, vinyl ddoride). 

The substituents Q and Z can also be chosen so as to introduce any required 
end-group functionality into the polymer (1). These end groups can be the same or 
S different and are chosen such that the final polymer is a telechdic polymer. Suitable 
end groups are those compatible with fiee radical polymerization and include epoxy, 
l^droxy, carbox^c add, carboxyhc ester. 

Monomers, CH2"<XrV, as used herein include acr^c, methacrylic and styrenic 
monomers, mixtures thereof; and mixtures of these monomers with other monomers. 

10 As one sldUed in the art would recognize, the choice of comonomers is determined by 
the steric and electronic properties of the monomer. The fiictors which detennine 
cop(dymeri2ability of various monomers is well documented in the art. 

When U and/or X- t^drogen, the use of reacdon temperatures above lOO^C 
has been found to &vor block copolymer formation. 

IS The process is conqsatible with forming (2) and the polymer (1) sequentially in 

a "one-pot** procedure. In this case, it is important to destroy residual transfer agent 
remaining fi-om the synthesis of (2). For compounds (2) prepared in the presence of 
cobah catalytic chain transfer agents, the use of potassiimi persulfate, a peroxide or 
shnilar reagent deactivates any cobalt chain transfer agent remaining from the 

20 compound (2) preparation. 

The length of the -(CXy-CH2)i|- is determined by the molecular weight of (2). 
Unreacted (2) will constitute a contaminant. The conversion level of (2) will define 
the purity of (1). The higher the conversion of (2) the hi^er the purity of (1). 
To obtain nanow dispersity in the final polymer, reaction conditions are 

25 selected such that polymerization in the absence of (2) gives molecular weights 

substantially higher (at least S-fold) than in the presence of (2). In the same maimer, 
to obtain high block purity in the block copolymer synthesis, reaction conditions are 
selected such that polymerizadon in the absence of compound (2) gives molecular 
wdghts substantially higher (at least S-fold) than in the presence of conqK>und (2). 

30 With this as a guide, the control of the molar amount of fiw radicals (iu) at any 

given conversion of (i) will detennine how much polymer containing Q) and not (2) is 
formed. One can minimize the number of fiw radicals, via initiators, in the reaction 
media during the polymerization so that bimolecular termination reactions, or radical- 
radical reactions, are minimized. These reactions produce polymers that are 

35 undesirBble when one is interested in narrow dispersity polymers or substantuaOy pure 
block copolymers. Increasii^ the moles ofGi) in die presence ofOii) will enhance the 
tnnsfisr reaction which is necessary to produce block, tdedidic polymers and 
homopolymers of narrow molecular Wright dispersity. In like fiidiion, reducing the 
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molar amount of monomer (\) in the reactor at any given time at any pven conversion 
f (iiiX will provide additi nal contr I thus assuring uptake f Gi) as a transfer agent. 
SI incremental iqitake of G) under conditt ns viduch optimize chain transfer 
contribute to narrow polydisperstty. The present invention allows preparation of 

S homo- and copolymers with substantially narrower polydispersity than can be 

prqnred by conventional free radical polymerization. Polymers with polydisperstty 
<1.S are not available using conventional free radical polymerization technology. The 
discovered interrelationship of (a) to (d) allows preparation of polymers with 
polydisperaties below 1 .7 and even less than 1.5. 

10 The process can be successfully conducted by bulk, solution, suspension or 

emulsion polymerization. However, bearing in mind the above-mentioned condition, a 
preferred process for forming Ugh molecular weight block copolymers is by emulsion 
or dispersion polymerization techniques. Emulsion polymerization typically ofiBers 
very high molecular weights for polymerization carried out in the absence of 

IS compound (2). As a consequence, it is possible to prepare high molecular weight, 
high purity block copolymers with narrow polydispersity. Other advantages of 
emulsion polymerization over solution or bulk polymerization are faster 
polymerization times, high conversions, avoidance of organic solvents, and low chain 
transfer to water. 

20 The present process offers significant advantages over other processes for 

preparing block or narrow polydispersity polymers based on conventional living 
polymerization techniques (e.g, cationic, anionic, coordination or group transfer 
polymerization). Advantages include compatibility with monomers with active 
hydrogens (for example, methacrylic acid, 2-hydroxyethyl methacrylate, etc.), or 

25 reactive functionality (for example, glycidyl methacrylate), the use of protic media (for 
example, isopropanol, water), and use of inexpensive commercial grade monomers. 

The success of block copolymerization via the emulsion process depends on 
the compatibility of the monomer(s) and compound (2). The polymerization of 
hydrophobic monomers (e.gi but^ methacrylate) and moderately hydrophobic 

30 compounds (2) (e.g. methyl methacrylate), or moderately hydrophobic monomers with 
hydrophilic conqxiunds (2) {e.g. methacryUc add) can be successfully carried out. 

Emulsion polymaization of hydrophobic monomers (for example, styrenc, 
butyl methacrylate, etc.) in the presence of water-soluble compounds (2) may lead to 
product contaminated with homopolymer of the hydrophobic monomers. In these 

35 circumstances, addition of appropriate cosolvents (for example, 2-butoxyethanol) to 
the emulsion polymerization medium gives improved yields of block copolymer. 

Changing the hydrophobic-hydrophilic balance in the compound (2) also gives 
improved yield of block copolymer. For example, block copolymers based on 

8 
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faydrophobtc moiKHners (for example, styrene, butyl metfaacrylate, etc.) and 60:40 
methyl methacrylate-co-methacrylic add conqxmnds (2) are readily synthesized m 
high yield and purity by emulsi n polymerizati n. 

The low cost of the process means that purification of the blodc copolymer can 
be economically viable when this is necessary or desirable. Thus, lower yields of block 
copolymers can be tolerated than with other synthetic methods. 

The process of the invention is further illustrated by the following Examples in 
which these abbreviations are used: 



10 



15 



20 



25 



30 



35 



EHMA 

n-BA 

BAc 

EAc 

GMA 

n-BMA 

t-BMA 

i-BMA 

BzMA 

EMA 

HEMA 

iPrOH 

MAA 

MEK 

MMA 

PhMA 

S 

pMS 
CHMA 
VAZO 52 
VAZO 88 
W AKO V A044 

iprCo(III)DMG 



MeCo(III)DEG 



2-ethylhexyl methac^ate 
n-butyl acrylate 
butyl acetate 
ethyl acetate 
giyddyl methacrylate 
n-butyl methacryiate 
iert-hutyi methacylate 
iso-butyl methacr^ate 
benzyl methacrylate 
ethjd methacr^te 
hydroxyethyl methacylate 
2-propanol 
methacrylic add 
methylethyl ketone 
methyl methacrylate 
phenyl methaoylate 
styrene 

p-methyistyrene 

cydohexyi methacrylate 

2,2*azobis(2,4dimethyIpentanenitrile) 

1, r*azobis(cydohexanecarbonitrile) 

2,2*azobis(N,N*-dimetfaylendsobutynunidtne) 

dihydrochloride 

[bis[m-[(2,3-butanedione dioximatoX2-)-0:0']] 
tetrafluorodiborato (2-) -N,>^,^r,N^ (1- 
metfaylethyl) (aqua) cobah 
[bis[ni-[(2,3-hexanedione dioximatoX2-)-0:0']] 
tetrafluorodiborato (2-) -HN*,N",>r] (metfa^) 
(aqua) cobalt 
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MertiaervH g Affl^ Cftpftlvniera bv Fimilsion Polymerization 

5 Tius is the basic redpe for suifiMaantless emulsion polyi^^ 

illustrates tbe use of block copolyinera as latex statnlizera. 

Praparation of Methaciylic Add-^lnc^Mcthyl Mcthacrylate 

Water 75.0 g 

NaHCOa O l" g 

10 MAAi2-*/oc*-BMA4 _ 0.276 g 

MAA Compound 2 (»H NMR: Mb 950) 10.07 g 

MMA 100 8 

4,4' azobis(4-qranopentanoic add) 0. 140 g 

MMA 100 8 

15 

The water was d^assed in a multi-neck, 250 oiL reactor under nitrogen far 
20min. The solution was heated to 85»C. The sodium bicarbonate, block copolymer 
and MAA Compound 2 were added, and the solution was degassed for a fiuther 10 
min. The initiator and a portion of the MMA (1 .00 g) were added as single shots and 
20 the remaining MMA added as a feed over 90 min. The reaction mixture was held at 

85°C for a further 90 min. 

GPC: Mn 3010, Mw 4270; Dispersity 1 .42. 

The yield of block copolymer vs. 'homopolymei' fonned by emulaon 
polymerization depends on the relative hydrophobicity of the compound (2) and 
25 monomer. The examples given in the table show that, for systems where this is a 
problem (e.g. MAA-Woc*-BMA). the yield of block copolymer arc improved by use 
of an appropriate cosolvent. 
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Tabic 1. McthaoTlic Add Block Copolymcn Iqr Emubi n Polymerization* 


Example Monomer 


Cosolvent 


%hlodkP 


1 MMA 


none 


100 


2 EMA 


none 


70 


3 dBMA 


none 


45 


4 DBA 


none 


20 


5 MMAyBMAl:2 


none 


50 


6 MMA/BMA2:1 




60 


7 MMA//BNfAtnbl0(±(l:2) 


noie 


60 


8 nBMA 


10%2-elliO3Qrctliano|C 


60 


9 nBNfA 


10%2-lmtoxvethanolc 


100 



•Metfaaciyltcacidmacomonomer(^HNMR:M„930X 
'^Estimated by GPC. Remainder is B block' homopolymer 
*Pbed time increased to 270 min 



15 

EXAMPLES 10^4 
Methaciylate Ester Based Block Copoljoners 
Preparation of Phenyl Metliacrylate*AibcA*Butyl Methacrylatc 



20 A. Preparation ofPhMA compound (2) 

Water 75 g 

SDS (1 wt% aq. solution) 3 g 

4,4 -azobis(4-cyanopentanoic add) 0. 140 g 

Monomer Shot: PhMA 3.5 g 

25 MeCo(III)DEG 1 5.0 mg 

Monomer Feed: PhMA 3 1 .7 g 

MeCo(III)DEG 1 1 .8 mg 



The water, initiator and SDS were combined and degassed imder nitrogen in a 
30 multi-nedced 250 mL reactor. The mixture was heated to 80°C and the monomer shot 
added immediately. The monomer feed was added over 90 min. The temperature was 
increased to 85^C and held for a fiirther 90 min. 
GPC: Mn 1 100 Mw 2400; Dispersity 2. 18. 
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B. Prepaniti n f PhMA-block-BMA 

PfaMA compound (2) Utex (33% scili^ 30 g 

Initialor Feed: K2S2O9 (0.2 wt% aq. sohition) 56.8 xnL 

Monomer Feed: oBMA ^8 
S a. 0- 90 min 0.25 mL/min 

b. 90-180 min 0.50 mlVmin 

■fiomFait A 

The PhMA compound (2) latex (Mn 1 100. Mw 2400; Dispcrsity 2.18) was 
10 heated to 80^C in a mukt*neck 250 mL reactor under nitrogen for 50 min. The 

initiator and monomer feeds were added concurrently over 180 min. Portions of SDS 

(1 g of a 10 wt% aqueous solution) were added hourly during the monomer ad(fition. 

After monomer addition was complete the reaction temperature was increased to 85®C 

and held for a fiirther 90 min. 
15 GPC: Mn 14500. Mw 33400; Dispersity 2.30 



TaMe 2. Mcthacrylic Ester Block Copolymers prepared by Emukion Polymerization 



Example 


Compou*Ml 2 Monomer 


Block Composition^ 


Mn** 


Dispeisity 


10 


PliMA 


nBMA 


(PliMA)7//(nBMA)94 


14500 


2.30 


11 


MAA 


MMA 


(MAA)ii//(MMA)i4«^ 


3010 


1.42 


12 


MAA 


oBMA^l 


(MAA)ii//(nBMA)22 


4030 


2.31 


13 


MMA 


nBMA 


(MMA)i9//(nBMA)46 


6700 


1.19 


14 


tBMA 


nBMA 


(tBMA)t7//(nBMA)24 


5780 


1.33 


•rshnwtcrt from GPC 

^GPC (polystyrene equivalents) 

^estimated from NMR 



dio % 2-butoxyethaiwl (see Table 1) 

30 EXAMPLES IS -19 

Niirmw Polvdimeraitv Polvmere 

These examples illustrate the preparation of a polymer of rdathrdy naiiow 
polydispersity by emulsion polymerization. Polydispersities (> 1 . 5) are narrower than 
e]q)ected by normal polymerization with chain transfisr (2.0). The polyiU^ersity 
35 typicalfy narrows with increased mwiomer addition as shown m Table 3. Toadueve 
namm polydispeisties it is necessary to control the rate of monomer addition to 
nmintiiiti rdattvely high % solids (tyincally in range 70-9S%) and a constant monomer 
concentration. 



12 



W096/1S1S7 



PCT/US9S/14428 



10 



Prepaniti n of Methyl Methaoylate-AlDdk^BatylMctluicryhite 

A. Prcpaniti n fMMA compound (2) 

Water 150 g 
SDS (3 wt% aq. solution) 6 g 

4,4**azobis(4-Gyaiiopeiitaiioic add) 0.280 g 

Monomer Shot: MMA 7 g 

MeCo(III)DEG S mg 

Nfonomer Feed: NfMA 63.4 g 
MeCo(III)DEG 2.3 mg 



The water, initiator and SDS were combined and degassed under nitrogen in a 
multi-necked 250 mL reactor. The mixture was heated to 80X and the monomer shot 
added immediately. The monomer feed was added over 90 min. The temperature was 
increased to 8SX and held for a further 90 min. 
IS GPC: Mn 3500 Mw 5600; Dispersity 1.61. 

IRNMR: Mn3100 

B. Preparation of MMA-ftlocft-BMA 

NIMAooii90uiid(2)latex(33%foltds)* 30g 

loitiatcsr Feed: K2S2O8 (0.4wt % aq. lohition) 28.4 inL/90 min 

20 Monomer Feed: nBMA 20g/90imn 

'fiomPart A 



The MMA compound (2) was heated to 80^C in a multi-neck 250 mL reactor 
25 under nitrogen for 30 min. The initiator and monomer feeds were added concurrently 
over 90 min. The monomer and initiator additions were then repeated until a total of 
100 g BMA was added. Portions of SDS (1 g of a 3 wt% aqueous sohition) were 
added houriy during the monomer addition. After monomer addition was complete 
the reaction temperature was increased to 85X and held for 90 min. 
30 CPC: Mn23S00,Mw 33100; Dispersity 1.39 
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Table 3: Variatioii in Molecular Weiglit and Polydispershy with Monomer Addition 

(compooDd (2) - PMMA) 







•▼*waiw i n^i 


numonier fs) 




Mni/Mn 






15 


BMA 


0 


3500 (3100^ 


1.6 




5 






20 


8300(9700) 


1.5 


9300 








40 


13200(15400) 


1.4 


15500 








60 


17700 (20100) 


1.3 


21700 








80 


20000 (23600) 


1.3 


27900 








100 


23800 (28100) 


1.4 


34500 


10 
















16 


MMA 


0 


1850(2100) 


1.5 










15.8 


3800(4320) 


1.4 


4800 








24.2 


4770(5300) 


1.4 


6300 








31.6 


5740 (6500) 


1.5 


7700 


IS 






63.1 


9790(11200) 


2,7 


13500 




17 


MMA 


0 


3260 (3700) 


1.5 










11.8 


9900(11300) 


1.4 


10900 








19.0 


13700(15700) 


1.5 


15600 


20 






35.2 


22100 (25300) 


1.6 


26200 








52.9 


31300(35900) 


1.8 


37700 








65.8 


37600 (43200) 


2.1 


46100 




18 


BMA 


0 


2000^ 


1.6 




25 






25.7 


6700 (7900) 


1.2 


8000 








33.6 


8400(9900) 


1.2 


9900 








50.3 


12300(14500) 


1.2 


13800 








59.8 


14900(17600) 


1.2 


16100 








67.1 


16800 (19800) 


1.2 


17800 


30 






88.2 


18400(21700) 


1.4 


22800 




20 


EHMA 


0 


2050^ 


1.7 










20 


4900 


1.5 


4800 








40 


7100 


1.4 


7600 


35 






60 


10500 


1.3 


10400 








78 


11800 


1.3 


12900 



*GPC mirff^nT^fl^ wdght in polystyrene equivalents (values oNained by applying universal calibiation 
in parentheses). Nnmbeis lOUDded to nearest hundred. 
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*>MiHC™wmiCT]/CCTmpcwind (2)) x monomer Mn) -t- compound (2) Mil DisoKprnmbetmoak 

ealmlfltwi anrf fwinrf Mn nwy igflget |irBei«nn of cnrnjmmA ^wup^w^w^^ 
^OfPMMA. 

5 

EXAMPLES 20>21 

Triblock Copolymers 

These examples iUustnrte the synthesis of an ABA triblock copolymCT^ The 
procedure is Gonq)atible with at 'one-^t' operation 

10 Preparation of MMA-ft/ocft-BMA-ftJkidt.MMA. 

A. Preparation of MMA-MocA-BMA 

MMA compound (2) lalex^ 30 g 

SDS (3 wl%ac|. solution) Ig 

Initiator Feed: (0J16mL/knin) K2S2Og(0.36wtHaq. solution) 40.8 g 

1 5 Monomer Fee± (0.2 18 mL/knin) nBMA 25 J, g 

(*ca. 32 % solids, Mn 2040, Dispersity l.Sl, prepared with iPrCo(III)DMG procedure 
similar to Example 15, part A) 

20 The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 

reactor, degassed under vacuum, then heated to 80^C under nitrogen. The initiator 
and monomer feeds were added concurrently over 130 min. After monomer addition 
was complete the reaction was hdd at 80°C for 90 min. A shot of sur&ctant was 
added (Ig of 3 wt% aq. sohition of SDS) at 60 min intervals. 

25 GPC: Mn 6650, Mw 8400; Dispersity 1 .26. 

B. Preparation of MMA-i/kidk-BMA-6/aciir-MMA 

MMA-bioGk-BMA compound (2) latex* 30 g 
SDS (3 wt% aq. solution) 1 g 

Initiator Feed: (0.316 mUmin) K2S2O8 (0.36wt ^aq. solution) 21.5 g 
30 Monomer Feed: (O.I19mI7min) MMA 7.5 g 

(*ca. 32 % solids, from part A) 

The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to SO^C under nitrogen. Theinitiator 
35 and monomer feeds were added concurrently over 68 min. After monomer addition 
was conq>lete the reaction was held at 80X for 90 min. A shot of surfiictant was 
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added (1 g of 3wt % aq. solutioii f SDS) at 60 min intervals. The conversi n based 

n% solids was 98%. 
GPC: Mb 12660, Mw 16590; Dispersity 1.35 

5 TaUc4. Emnlsion Triblock Copolymen 



MacromonoincT Blodc 





SteprMonomBT 


Compositkin 




Dispersity 




Dispenity 


20 


1-.BMA 


MMA 


2040 


1.51 


6650 


IM 




2:MMA 


MMA-6^-BMA 


6650 


1.26 


12660 


1.35 


21 


1:BMA 


MMA 


3500 


L62 


23800 


1.39 




2:MMA 


MMA-6todk-BMA 


23800 


1.39 


26200 


1.52 



a<H<: (ix>lysttyiene equivalents) 



EXAMPLE 22 
•One Pot' Synthesis of (MMA-co-MAA>6/oc*-BMA 

10 These examples illustrate a 'one-pot' synthesis of compound (2) and block 

copolymer by emulsion polymerization. 
A, Preparation of MMA-co-MAA compound (2) 



25 





Water 


120.00 g 






2.87 g 


Solution 1: 


ipiCo(III)DMG 


7.5 mg 




WAKO VA-044 


0.33 g 




NfMA 


4.0 g 


Feed 1: 


MMA 


42.14 g 




ipTCo(m)DMG 


15.0 mg 


Feed 2: 


MAA 


15.60 g 




a. 0-20 min 


0.137 mL/min 




b. 20-40 min 


0.276 mL/min 




c. 40-60 min 


0.356 mL/min 



The MAA-6todb-BMA(stabilirer/suifectantywater mixture was heated to 
SS'C in a multi-necked 500 mL reactor undernitrogen for 30 min. Solution 1 was 
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added and the monomer feeds were added concurrently over 60 min. Oncompled n 
fthemom)mer addition the reactbn temperature was increased si wlytoSO^. 
GPC: Mn 880, Mw 1400; Dispersity 1.59 

B. Preparation of (MMA-^a^MAAybhck- BMA 



5 MMA/MAA Compound 2 latex firom pait A 

MAA-fr/odb-BMA 0.288 g 

water 9.3 g 

K2S2O8 0.224 g 

10 Initiator Feed: K2S2O8 (1 .25% aq. solution) 28.4 mL 

Monomer Feed: nBMA 12 g 



The MMA/MAA compound (2) latex from Part A was held at 80^C for 40 min 
IS imder nitrogen. MAA-b-BMA (sur&ctant) was added and the reactor degassed for a 
further 20 min. The initiator was then added as a single shot. The initiator and 
monomer feeds were added concurrently over 90 min. On completion of the feeds the 
reaction temperature was held at 80X for 30 min and then increased to 85X for 90 
min. 

20 GPC: Mn 3090, Mw 5370; Dispersity 1.74 

EXAMPLES 23 - 36 

Synthesis of block copolymers in solution 

25 The following examples illustrate the synthesis of block copolymers from 

methacrylate compounds (2). 

Preparation of (MMA-eo-MAA) -black^BMA 

MMA-co-MAA Compound 2 (Mn 1031; Dispersity 1.S3) 10.0 g 



xylene 30.0 g 

30 t-butyl peroxybenzoate 0. 1 g 

Feed One: n-butyl methacrylate 10.0 g 

Feed Two: t-butyi peroxybenzoate 0.2 g 

35 xylene 10.0 g 
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The compound (2) and initiator were dissolved in the solvent and heated to 
reflux under nitrogen. The monomer and initiat r feeds were added concurrently over 
180 min. After completion f the feeds, the mixture was heated under reflux for a 
further 180 min. 
5 Conversion: > 95%. 

GPC: Mn 1890, Mw2640; Dispersity 1.40 

Table 5. Solution Block Copolymen from Methacylate Monomers 



Compound (2) Block 



Ex. 


Mem. 


R« 


S(dvent 


Composition 


M„ 


Disp. 


Mn 


Pisp> 


23 


nBMA 


46 


iPtOH 


MAA9 


8S0« 




2400^ 


1.50 


24 


nBMA 


46 


iPiOH 


MAA9 






3050^ 


1.53 


25 


nBMA 


46 


EtOH 


MAA9-C0-BMA5 


1620^ 


2.2 


2320<* 


2.47 


26 


BzMA 


47 


iPi<M 


MMA20<o-MAA5^ 


2460^ 


1.23 


6020*^ 


1.63 


27 


BzMA 


47 


iPiOH 


MMA10<o-MAA5 


1600l» 


L71 


5320** 


L80 


28 


BzMA 


47 


iPiOH 


BMA|o-€0-MAA5 


2040^ 


2.56 


6070*» 


1.69 


29 


BzMA 


47 


iPiOH 


EHMA 10-00-MAA5 


1900>> 


1.62 


4020>» 


1.61 


30 


MMA-BMA^ 


46 


iPiOH 


MAA9<cchBMA5 


1620<> 


2.2 


2950<* 


LSI 


31 


MMA^MA^ 


46 


iPiOH 


MAA9-6/od(r-BMA5 


2400^ 


1.50 


2790^ 


1.85 


32 


MMA-BMA^ 


46 


iPiOH 


MAA 


860« 




3060*> 


1.64 


33 


MMA 


46 


iPiOH 


HEMA|x 


1550<> 




3620^ 


1.83 


34 


MMA 


48 


xylene 


MMA<o-MAA 


1031^ 


1.53 


2640^ 


1.40 


35 


nBMA 


23 


xylene 


MMA 


890^ 


1.97 


1340*» 


1.78 


36 


MMA 




BAc 


MMA^MAA 


103 


1.53 


2068l> 


1.38 



•R - •recipe", similar to thai of the Example referred to by number. Ail reactions were carried out 

at reflux. Conversions were typically >85% 
**GPC (polystyrene equivalents). 
%omNMR. 

^CPC (PMMA equivalents). 

^Compound (2) prepared by eimilsion potynierizatioa 

^1:1 mole ratio oomoncmiers. 



10 

EXAMPLES 37^45 

Synthesis of block copolymers in solution 

For monosubstitiited monomers higher block purity is found when higher 
reaction temperatures are used. At low temperatures graft copolynter formation may 
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dominate. Xylene and Imtyl acetate or other solvoits with sunilar to 



preferred for block synthesese with monosubstituted monomers. 

Prcpanti n f (MMA•€l^-MAA)-MldlP.BA 

Compound 2 (Mn 1031; Dispersity 1.53) 8.88 g 

5 Xylene 37.8 8 

t-butyl peroxybenzoate 0.1 g 

n^butyl aoylate 1.6 g 

Feed: t-butyl peroxybenzoate 0. 16 g 

10 n-butyl acrylate 9.S g 



The compound (2) and mitiator were dissolved in the solvent and heated to 
reflux under nitrogen. The monomer and initiator feed was added over 180 min. 
After completion of the feeds, the nuxture was heated under reflux for a fiirther 180 
IS min. 

Conversion: > 95%. 

GPC: Mn 1760, Mw 2710; Diq>ersity 1.54 

Table 6. Solution Block Copolymers from Monosubstituted Monomers 



Compound (2) Bkx± 



Ex. 


Mob. 




Solvent 


Composition 


Mn 


Disp. 


Mn 


Disp. 


Purityh 


37 


BA 


37 


xylene 


MMA-co-MAA 


103 1^ 


1.53 




1.54 


>80% 


38 


BA 


46 


iPKW 


MAA9 


asQC 




2620^ 


2.45 


>50%e 


39 


BA 


37 


BAc 


MMA-co-MAA 


103 1<* 


1.53 


2683<l 


1.76 


>80% 


40 


BA 


23 


xylene 


MMA 


840^ 


1.97 


2100^ 


2.05 


>70% 


41 


S 


46 


iPiOH 


MAA 


880^ 




I890d 


2.10 


>50%« 


42 


S 


37 


BAc 


MMA 


1640^ 


2.22 


2530^ 


2.37 


>70% 


43 


S 


37 


BAc 


nBMA 


1050^ 


2.04 


4650<* 


2.79 


>70% 


44 


S 


37 


BAc 


tBMA 


2620^ 


2.62 


3620<1 


2.20 


>70% 


45 


s 


23 


xvlenc 


MMA 


840^ 


1.97 


1780^ 


2.04 


>70% 



20 ^fl"*iedpe\similartotliataftheExampterefienedtoby ni^^ All reactions were carried out at 
reflux Conversions were typically >85% 

comparison of GPC and NMR molecular weights 
^fromNMR 

dcPC (polystyrene equivalents) 
25 ^mdence of reducd block copdymerfin^ 
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EXAMPLE 46 

Prepanti n f MAA-Mkidt-BMA 

mctbacryUc add Compound 2 1 S g 

isopropanol 62.8 g 
S azobisCisobutyronitrile) 0.32 g 

acetone 2 mL 



Feed: n-butyl methacrylate 14.3 g 

«(MAA Gompoond (2) having Mq 1040 and Dispeisity 1.80). 

10 

The compound (2) and solvent were heated to reflux (ca. 80°C) under 
nitrogen. The initiator (dissolved in acetone) was added as a single shot and the 
monomer feed added over 180 min. After 90 min the initiator was replenished (0. 16 g 
ADBN/ 1 mL acetone). After completion of feed the mixture was heated under reflux 
IS forafiirther ISOmin. 
Conversion: > 87 % 

GPC: Mn 2580, Mw 4900; Dispcrsity 1.90. 



20 EXAMPLE 47 

This example shows the successful 20-fold scale up of Example 46. 
Preparation of MAA-6/acit-BMA 

methacrylic acid compound (2)* 200 g 

isopropanol 1000 mL 

25 azobis(isobutyronitrile) 4.01 g 

Feed: (1 mUmin) n-butyl methacrylate 326.1 g 

*(Mn from NMR 1204). 

30 

The compound (2) and solvent were place in a 2 L multinecked flask equipped 
with mechanical stirrer, degassed, and heated to reflux (ca. 80^C) under nitrogen. The 
initiator was added as a single shot and the monomer feed commenced. At ca. 90 min 
imervab the initiator was repleiushed (2 g shots of AraN). On completion of feed, 
35 the mixture was heated under reflux for a fiirther 150 min. 
Conversion: > 95 % 

CaPC: Mn3532,Mw5102;Dispersity 1.45 
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EXAMPLE 48 

This example illustrates the synthesis of faydrophilic-hydrophobic block 
copolymers based on methacylate ester-methacryUc add copolymers by solution 
polymerization. 

A. Preparation ofMAA-co-BMA Compound (2) 



Isoprapanol 


20.06 g 


MAA 


1.21 g 


dBMA 


3.86 g 


2,2'-a20bis(2«tontaiKaiitriic) 


0.25 g 


Shoe IPiGo(IIl)DMG ^.35 wt% in isofmipaDol) 


7.5 mL 




0.140 g 


Feed 1: (O.llS mL/min) IPrCo(III)DMG (0.33 wt% in isoproponol) 


30.7 mL 


Feed 2: (0.224 mL/min) MAA 


11.40 g 


dBMA 


37.85 g 



20 

The isopropanol was degassed under nitrogen in a multi-necked 250 mL 
reactor equipped with a mechanical stirrer. The monomers were then added and the 
mixture and heated to reflux (80X). The shot was then added and the feeds added 
over 240 min by syringe pumps. Further initiator (0. 125 g) was added at 120 min and 
25 240 min. On completion of the feeds the temperature was held at 80'*C for 90 min. 
The conversion based on % solids was > 85%. 
NMR composition: MAA5-C0- BMAi 1 

GPC(PMMA equivalents): Mn 2040. Mw 5210; Dispcrsity 2.56 

B. Preparation of MAA-co-BMA-A/ncft-BenzylMethacrylate 

30 MAA-GO-nBMA compound (2) 

sohition* (60 wt% in isopropanol) 30.0 g 
isopropanol 9.98 g 

2,2'-azobis(2-butanenitrile) 0.092 g 

35 Feed: (0.202 mL/min) BzMA 18 0 g 

isopropanol 1 5.0 g 

^fipomPait A 
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The compound (2) solution and isopropan 1 were placed in a nmlti-neck 250 
mL reactor fitted with a mechanical stirrer, degassed then heated to 8(rc under 
nitrogen. The inidator was added and the monomer feed commenced and added over 
180 min by syringe pimp. Further alicpiots of initiator were added at 90 min (0.049 g) 
S and 180 min (0.087 g). The reaction was hdd at 80X for a further 90 min. The 
conversion based on % solids was >94%. 

NMR composition: MAA5-C0- BMAi i-block-BzMAio 

GPC(PMMA equivalents): Ma 6070. Mw 9770; Dispersity 1.61 

[0 

EXAMPLE 49 

This example illustrates the synthesis of a hydrophilic-hydrophobic block 
copolymer based on HEMA by solution polymerization. 

A. Prepantion of Hydroxyethyl Methacrylate Compound (2) 





Water 


75g 


Shot: 


HEMA 


3.5 g 




iPiGo(III)DMG 


4iiig 




4,4'-azobis(4-cyanopeiitaiioic acid) 


0.140 g 


Feed: 


HEMA 


31.7g 




iPiCo(III)DMG 


4.4 mg 



The water was degassed under nitrogen in a multi-necked 250 mL 
25 reactor equipped with a mechanical stirrer and heated to 80^C. The initial shot was 
then added and the momomer feed was added over 90 min by syringe pump. On 
completion of the feed further initiator (0.070 g) was added and the temperature was 
held at 80^C for 180 min. The conversion based on % solids was > 90%. NMR: Mn 

1550 

30 B. Preparation of Hydroxyethyl Methacrylatc-6/acA-Methyl Methacrylate 

HEMA compound (2) solution (30% in water)* 30 g 



isopropanol ^ 8 

azobisisobuyronitrile 0. 1 9 g 

35 Monomer Feed: HEMA 15.5 g 

*fromPart A 
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25 



The HEMA compound (2) and isopropanol were placed m a multi-neck 250 
mL reactor fitted with a mechanical stiner, degassed under vacuum^ then heated to 
SOPC under ni trogen. The initiator was added and the monomer feed commenced and 
added over 120 min by syringe pump. Furdier aliquots of initiator were added at 90 
min (0.09 g) and 180 min (0.07 g). The reaction was held at SOX for a fiirther 90 
min. The conversion based on % solids was > 90%. 
GPC: Mn 3620, Mw 6650; Dispersity 1.83 



EXAMPLES S0-S2 

This procedure illustrates the preparation of blocks fix>m compounds (2) 
prepared with addition-fiagmentation transfer agents in emulsion polymerization. Use 
of these reagents allows a wide range of end-group functionality to be introduced into 
15 the final product. 

The recipe is compatible with a one-pot synthesis of block-^polymer fit)m 
transfer agent and monomers. 

Preparation of Methyl Methaciylate-Alocft-Butyl Methaciylate 

CH2-S-^CH3)3 CH2-S-C(CH3)3 



CO2B pj, 

(4) (5) 

Preparation ofMMA compound (2) 



Shot: 



30 Feed 2: (0.188 mL/min) MMA 



Water 


37.5 g 


SDS (3 % aq. solution) 


3g 


MMA 


1.56 g 


aUyl sulfide 4 


0.078 g 


4,4'-azobis(4-cyaiiopeatanoic add) 


0.071 g 


MMA 


14.04 g 


aUyl sulfide 4 


0.668 g 


MMA 


58 
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The water, SDS were combined and degassed under vacuum in a multi-necked 
250 mL reactor equipped with a mechanical stirrer. The mixture was heated to 80^ 
under nitrogen and the shot added. Feed 1 was added over 80 mm by syringe pump. 
Feed 2 was then added over 28 min. On completion of the feeds the temperature was 
S heldat80^Cforafi2rther90min. The conversion based on % solids was 98%. 
GPC: Mn 5520 Mw 8770; Dispcrsity 1 .59. 

B. Preparation of MMA-M0dk-BMA. 

MMA compound (2) latex 27.1 g 
(ca.32%soUds)* 

10 SDS (3 % aq. sohition) 1 .0 g 

Initiator Feed: (0.3 16 mUnrin) K2S2O8 (0.36 wt % aq. solution) 23.7 g 

Monomer Feed: (0.218 niL/min) nBMA 15.5 g 



15 



*&omPaxt A 



The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to 80**C under nitrogen. The initiator 
20 and monomer feeds were added concurrentiy over 70 min. After monomer addition 
was complete tiic reaction was held at 80*'C for 90 min. The conversion based on % 
solids was 98%. 

GPC: Mn 12600, Mw 1 7200; Dispersity 1 .36 
25 Table 7. Block Copolymers by Emubioo Polymerization 



Transfer Compound (2) Block 

Example Monomer Agent* Composition Mn"* Pisp. Mn*^ Pisp- 

50 nBMA 4 MMA 5520 1.59 12600 1,36 

51 MMA 4 nBMA 5300 1.57 7300 1.43 

52 nBMA 5^ MMA 5450 1.57 24700 1.46 

■Compfflmd ('>) prgMted whh addition-fi niymcginitio n transfer agent indicated. 

b(H>C (polystyrene equivalents), 
tcompoimd (2) syntbesis caxiied out at 90«C 



EXAMPLES 53 -56 

This procedure illustrates the preparation of blocks from compounds (2) 
prepared with addition-fragmentation transfer agents by sohition p lymerization. Use 
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fthese reagents all wsawiderangeofmonomerstobeusedandpemutsv^ 
end-group functionality to be introduced into the final product. 

Preparation fStjfrene-Moek-p^Mhybtyrene 
A. Preparation of S^rrene eompoand (2) 



5 


Styrene 


ao.log 




But^ acetate 


10.03 g 




aOyl sulfide 4 


1.63 8 


Feedl: (0.210 mL/min) 


Styrene 


39.98 g 


10 


allyi sulfide 4 


6.67 g 


Feed 2: (0.063 mL/miii) 


1 , 1 '-azobis(4-cyclohexanecari)oiiitrile) 


0.283 g 




Butyl acetate 


20.01 g 



IS The styrene solution was d^assed under nitrogen in a multi-necked 250 mL 

reactor equipped with a mechanical stirrer. The mixture was heated to reflux (12S^C) 
under nitrogen and the feeds added over 240 min by syringe pump. The compound 
(2) was isolated by two precipitations into acidified methanol. The conversion based 
on isolated compound (2) was 50%. 

20 GPC: Mn 1880 Mw 2950; Dispersity 1 .57. 

B. Preparation of Styrane-Alcidk-p-Methylstyrcne. 

Styrene compound (2)* 4.02 g 

Butyl acetate 3.53 g 

p-Mcthylstyrcnc 0.46 g 

25 

Initiator Feed: (0.0177 mL/min) l,r<uobis(4-cyclobexamcarbonitrile) 0.108 g 

Butyl acetate 25.13 g 

Monomer Fee± (0.0132 mL/min) p-Methylstyicne 19.01 g 

30 

fiomPait A 

The styrene coiiqx)und (2) and butyl acetate were placed in a nuihi-neck 100 
mL reactor under nitrogen and heated to reflux (ca. 125^). After 10 min, the p- 
35 meth^styrene was added. The initiator and monomer feeds were then connnenced 
and added over 24 h. The conversion based on monomer consumption was 84%. 
GPC: Mn 9500, Mw 24620; Dispersity 2.59 (indudes compound (2) peak) 
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Table 8. Styrene Block Copolymers by Solntion P tymerizatfam 







Transfer 








Block 




Example 


Monomer 


Agcat^ 






Mn" 


Disp. 


Sotvenl 


% Conv.^ 


53 


pMS 


4 


1880 


IJ9 


17260 


1.61 


BAc 


90 


54 


oBMA 


4 


1880 


1.59 


9120 


1.43 


MEK 


80 


55 


nBMA 


4 


1880 


1.59 


17930 


1.62 


BAc 


60 


56 


TiBMA 


5 


2330 


1.55 


16870 


1.42 


MEK 


50 



•Conqxiund a) prepared with addiSion-&^^ 
b(7C (potystyicne equivalents). 

c^9nixoonversioaofcoiiipoiiiui(2)toblodL Monomer convtrston is >85%. 



S TOAMPLi:SS7-64 

These examples describe a generalized process for the preparation of narrow 
polydispersity block copolymers and homopolymers by solution polymerization using 
vinyl compounds (2) selected from methacrylate dimers and trimers. 

The general procedure for the polymerization is to slowly add the 
10 selerted monomer<s), (i), and free radical initiator Gii) to the unsaturated transfer 
agent (2) at a rate to avoid excessive buildup in monomer concentration. A small 
amount of monomer(s) can be added to the transfer agent before the start of 
polymerization. 

The polymerization reaction is started by heating the reaaor containing (2) to 
15 the desired temperature and starting the gradual and continuous feeds of nionomer<s) 
and free radical initiator. 

The length of the polymerization time is dependam upon the 
temperature chosen and the molecular weight of the polymer desired Higher 
temperatures allow for faster monomer feed rates and shortened times. 
20 The choice for initiator depends upon the temperature used. It is convenient 

to add the initiator either in a solvent or mbced with some of the monomer(s) by means 
of a controlled rate feeder pump. When no solvent is used, the polymerization runs 
under bulk conditions at a well controlled rate. 

In this process, the amount of initiator does not limit the polymer molecular 
25 weight. Reaction ofunsaturated ends of(2) controls the degree of polymerization. 
The total number of moles of free radical initiator is generaUy set to be less than 15- 
20% of the number of moles of (2) used in the process. 

The following Tables iUustrate some of the specific polymers and 

26 



wo SW15157 PCT/US9S/14428 
thdr oondhioiis for polymerization vAkh have been pracdoed iiang this procedure. 



Table 9: Soluti n Process Conditioni 



Ex. 
57 

58 

59 



Vinyl 
Tiansfiv 
Agent 



MunoniBi(s) 



MMA3 


MMA 


100 gm 


500 gm 


MMA3 


30:70 




(A4A/CHMA 


90 gm 


1400 gm 


MMA3 


GMA 




322 gm 


50 gm 


50:50 




IVUVIA/OIVIA 




710 gm 


MMA3 


30:70 




GMA/MMA 


200 gm 


1115 gm 


GMA2 


15.6:84.4 




GMA/MMA 




1460 gm 


GMA2 


12:26:62 




IBMA/GMA/MMA 




557 gm 


GMA2 


23:20:57 




BMA/GMA/MMA 




755 gm 


GMA2 


10:32:58 




IBMA/GMA/MMA 




455 lem 



Temp. 
•C 



60 



60 



VAZ0 52 
4.29 gm 
300ml£Ac 

VAZ052 
13.1 gm 
386ml£Ac 

VA2052 
10.4 gm 
290ml£Ac 



60 

VAZ088 

12.5 gm 
100-132 228 ml BAc 

VAZ0 88 

21.7 gm 
120 346 ml BAc 

VAZ0 88 

11.6 gm 
130 204 ml BAc 

VAZ0 88 

12.8 gm 
120 203 ml BAc 

t-butyl- 
140 6.8 fan 



Polymenz. 
Timehr 



29.8 



30 



29.4 



9.7 



16.6 



11.5 



24 



99 



CoCTinBinti 

25gmMMA 
at ittit 



mix 



16gmGMA 
atittt 

add GMA then 
MMA/BMAmix 




50 gm 




5 Table 10 sununari2:es the polymerization illustrated in Table 9. 



Table 10: Summary of Narrow Polydispersity Polymers Made by Solution Process 



Example 


Polvmer Descriodon 


MnrtwGPa 


DisDcrsitv 


57 


MMAn 


2700 


1.58 


58 


MMA2//GMAinCHMAnMMAp//MMA 


4970 


1.44 


59 


MMA2//GMAii)^/MMAi|BMAp//MMA 


6800 


L48 


60 


MMA2//GMA|||MMAii//MMA 


2170 


1.44 


61 


GMA//MMAmC94A||//GMA 


3360 


L45 


62 


GMAZ/MMAidOBMAo (MA|//Ca4A 


3420 


IJ 


63 


CMA/ZMMAn^MAn GMA||//GMA 


4560 


1.49 


64 


C»My/MMAmBMAfi CMAp//GMA 


2880 


1.45 
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CLAIMS 



1. A process for the synthesis of polyniers fthegeneralf nniila: 



CH2--C — CH2- 



m 



i 



:-CH2--z 



1 

comprising contacting: 
S (i) a vinyl monomer of the formula 

CH2=CUV 
Oi) a vinyl-terminated compound of formula 



.CHr-{ 



-CHr-z 



and 

^ free radicals, produced from a free radical source; and 
10 inneasing the molar amount of polymers by one or both of: 

(a) decreasing the molar amount of (iii) for any given conversion of (i); 
and 

(b) decreasing the molar amount of (i) for any given converaon of (iii); 
wherein: 

15 Q is seleaed from the group H, R, OR, O2CR, halogen, CO2H, CO2R. CN, 
CONH2, CONHR and CONR2; 
U is sdected from H and R; 

V is selected from R, OR. O2CR, halogen, CO2H, CO2R. CN, CONH2, 
CONHR and CONR2; 

20 X is sdected from H and R; 

Y is selected from R, OR, O2CR. halogen, CO2H, CO2R, CN, CONH2. 
CONHR and CONR2; 

Z is selected from the group H, SR», S(0)R, S(0)2R, and R'; 
Ris sdected from the group substituted andunsubsthuted allgrl. aryl, arallqrl, 
25 alkai^ and organosilyl groups wherein the sid>stitueiit(s) are independently 



28 



wo 9^15157 



PCTAJS9S/14428 



selected from the group carboxyi, epoxy, hydroxy!, alkoxy, amino and 
halogen; 

is selected fiom the group H, substituted and unsubstituted alkyi aryl, 
aralkyl, alkaiyl, organosilyl wherein the substituent(s) are independently 
S selected from the group carfooxyl, epoxy, hydroxy!, alkoxy, amino and 

halogen; 

R2 is selected from the group free radical initiator-derived fragments of 
substituted and unsubstituted alky], cycloalkyl, aryl, aralk^ allcaryl, 
organosiH alkoxyalkyi, alkoxyarjd, sul&te groups wherein the substituent(s) 
10 are independently selected from R, OR^ O2CR, halogen, CO2H (and saksX 

COjR, CN, CONH2, 

CONHR,CONR2, " ^yJJ^ salts) and (ami salts); 

R3 is selected from the group radical chain transfer agent-derived fragments of 
substituted and unsubstituted alkyl, cycloalkyl, aryl, aralkyl, alkaryl, 
IS organosilyl, alkoxyalkyi, alkoxyaryl, and PR2 groups wherein the 

8ub8tituent(s) are indq>endendy selected fromR, ORl, SR, NR2, NHR, 
O2CR, halogen, CO2H. CO2R, CN, CONH2, CONHR. and CONRj. 
m and n are independently > l;and 

when either or both of m and n are greater than 1 , the repeat units are the same 
20 or diflSerent. 



2. A process according to Claim 1 wherein (i) is seleaed from one or more 
of following monomers, methyl methacrylate, ethyl methacryiate, propyl 
methacryiate, butyl methacr^ate. 2-ethylhexyl methacrylate, tsobomyl 

25 methacrylate, methacrylic add, ben^ methacrylate, phenyl methacrylate, 

methacrylonitrile, alpha methyl styrene, methyl acrylate, ethyl acrylate, propyl 
acrylate, butyl acrylate, 2-ethylhexyl acryiate, isoboniyl acrylate, acrylic add, 
benzjri acrylate, phenyl acrylate, acrylonitrile, styrene, fimctional methacrylate, 
aciylates and styrene sdected from glyddyl methacrylate, 2-hydroxyethyl 

30 methacrylate, hydroxypropyl methacrylate, hydroxybutyl methacrylate, 

diethylaminoetl^ methaoylate, trieth^eneglycol methacrylate, itaconic anhydride, 
ttaoonic add, glyddyl acrylate, 2-hydroxyetlqd acrylate, l^droxypropyl acr^ate, 
hydroxybutyl acrylate, dietfa]daminoetM acrylate, triethylen^giycol acr^e, 
methacrylamide, N*tert-bu^ methacrylanude, Nni-butyl methacrylaimde, N- 

35 roethyl-ol methacrylamide, N-etfayl-ol methacryUunide, N*tert-butyi acrylamide, N- 
n-butyl ao^anude, N-metb^l aoylamide, N-ethyl-ol acrylamide, vin^ benzoic 
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add, diethylanrino styrene, alphamethyWiiyl benzoic add, diethyiamino 
alphamethyistyrenc para-methylstyrcne, p-vinyl benzene sulfianic add, 
trimethoxysilyliiropyl methacrylate, triethoxysilylpropyi methacrytete, 
tributoxysilylpropyl methacrylate, dimethoxymcthylsaylpropyl metfaaaylate. 

5 dicthoxymethylsayipropyi methacrylate, dibuto^ 

diisopropoxymethylsOyipropyl methaoylate, dimethoxysiiyipropyl methacrylate, 
diethoxyailylpfopyl methacrylate. dflnitoxysilylpropyl methacrylate, 
dSasopnpaxy^iyipropyi methacrylate, trimethoxyailjdpropyl aaytate, 
triethoxysilylpropyi acrylate. tributoxyalylpropjd ao^date, 

10 dimethoxymethyisUylpropyl acrylate, diethoxymethyisilylpropyi acrylate. 
dibutoxymcthylsaylpropyl acryialc, diisopropoxymethylsilylpropyl aciyiate. 
dimethoxysUylpropyl acrylate, diethoxysllylpropyl acrylaie, dibutoxysUylprowrl 
acrylate, diisopropoxysilylpropyl acrylate, vinyl acetate, and vinyl butyrate, vinyl 
diloride, vin^ fluoride, loayl bromide. 

IS 

3. A process according to Claim 1 wherdn Oi) is sdected where Q, -XYC- 
CH2-. Z and "n" are independently sdected fiom one or more of the foUowing: 
Q« H, methyl, ethyl, butyl, cydohexyl, methoxy, ethoxy, propoxy, butoxy. 
phenoxy, acetate, propionate, butyrate, benzoate, carboxylate, chlorine, 
20 bromine, fluorine, iodine, nitrile, amide, N-methylamide, N-ethylamide, N- 

propylamide. N,N-dimethylamide, N,N-diethylamide. N,N-dibutylaniide, N- 
metfayl-N-etlqdaniide, caiboj^e ester of methj^ ethj^ propyl, butyl, 
benzyU phenyl, 2-hydroxyethyl, 3-hydroxypTopyl. 2-hydroxypropyl, 4- 
hydroxy-butyl, 3-hydroxybutyl, 2-hydroxybutyl. 3-trimethoxysilylpropyl, 3- 
25 triethoxysUylpropyl, 3-tributoxy-silyipropyl, 3.tri(isopropoxy)silyipropyl, 2- 

aminoethyl 3-aniino-propyl, 2-aminopropyl, 4-aminobutyl. 3-aminobutyl, 
2-aminobutyl, 2-epoxypropyl, or 3-epoxypropyl; 
-XYC-CH2- = derived fi-om one or more of the foUowii^ monomers: metlqri 
methacrylate, ethyl methacrylate, propyl methacrylate, butyl methacrylate, 
30 2-<thylhexyl methacrylate, isobornyl methacrylate, methaoyfic add, benryl 

methacrylate, phenyl methacrylate, methacrylonitrile, styrene. alpha methyl 
styrene, glyddyl methacrylate, 2-hydroxyethyl methacrylate, hydroxypropyl 
methacrylate, hydroxybutyl methacrylate, diethylaminocthyl methacrylate, 
triethyleneglycol methacrylate, N-tert-butyl methacrylamide, N-n-butyl 
35 methacrylamide, N-methyl-ol methacrylamide, N-cthyl-ol methacrylamide, 

trimethoxysilylpropyl methacrylate, triethoxysilylpropyi methacrylate, 
tributoxysilylpropyl methacrylate, dimethoxymethylsilylpropyl methacrylate, 
diethoxymethyisilylpropyi methacrylate, dibutoxymethylsilylptopyl 
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methacryiate, diisopropoxymetfayisilyipropyl methiciylste* 
dimethoxysilylpropyi methacrylate. (tiethoxysilylpropyl methacrylate. 
dibiitoxysilyl|»n>pyl methacrylate, diiaopropmysil^prop^ methaciyiate; 
methyl aoylate, etfa^ acryiate, prop^ acr^ate, butyl acrybte, 2-etfa)dhex^ 
5 ao^ate, isobornjd aoylate, acrylic add, benzyl aoylate, phenyl actuate, 

aoylonhrile, styrene, gtyddyl aoylate, 2-hydroxyetfayl acr^ate, 
faydroxypropjd aoylate, faydroxybutyl aoylate, cUeth^ammoethyl aoylate, 
trieth^eneglycol ao^ate, N-tert-butyl acrylamide, N-n-but^ acr^amide, 
N-methyi-ol acrylamide, N-ethyl-ol acrylamide, vinyl benzoic acid, 

10 diethylamino styrene, p-vinyl benzene sulfonic add, para-methylstyrene, 

trimethoxysilylpropyl aoylate, triethoxysil^propyl aoylate, 
tributo?7sQylprop^ acr^e, dimetho3^metfaylsilylpro|^ aoylate, 
dietho37methyl»lylpropyl acr^ate, dibutoxymethjdalylpropyl aoylate, 
diisopropoxymelfayisilylpropyl acrylate, dimcthoxysil^propyi aoylate, 

I S diethoxysilylpropyl ao>date, dibutoxysil^propyl aoylate, 

diisopropoxysilylpropyl acr^ate, vin^ acetate, and vinyl butyrate. 
Z= H,SRl,S(0)R,S(0)2R,R2,orR^ 

R ^ methyl, ethyl, propyl, n-butyl, tert-butyl, isobutyl, phenyl, benzyl, 2- 

phenylprop^, trimethoxysil^propyl, tributoigrsilyl-propyl, faydroxymetfayi, 

20 2-hydra3^etkyl, 2-hydro3cypropyI, 2-epoxypropyl, 2-amiiioetfa^ 2-amino- 

propyl, methoxymethyl, 2-metho3^ethyl, 2-ethoxyethyl, 2-methoxy-prop^ 
or hqjtafluoropropyl; 
R^ = hydrogen, methyl, ethyl, propyl, n-butyU tert-butyl, isobutyl, phenyl, benzyl, 
2-pbenylpropyl, trimethoxysilyl-propyl, tributoxysUylpropyl, 

25 hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 2-epoxypropyl. 2- 

aminoethyl, 2-aininopropyl, methoxymethyl, 2-methoxyethyl, 2- 
ethoxyethyl, 2-methoxypropyl, or heptafluoroprop)d; 
R2 - 2,4-diinethylpentanenitrile, 2-metfaylbutanenitrile, 2-meth^propanenitrile, 
cydohexanecarbonitrile, 4-cyaiiopentanoic add, N,N*-dimethylenei5o- 

30 butyramidtne, N,N-dimethyleneisobutyramidine hydrochloride, 2- 

amidinopropane, 2-amidinopropane hydrochloride, 2-methyl-N-[l,l- 
bis(hydroxymethyl)ethyl] propionamide, 2-meth^-N-[l,l-bis(hydroxy- 
metfayl)-2^droxyetfayl] propionamide, 2-methyl-N-(2-hydroxyetfayl) 
propionamide, isobutyamide hydrate, hydroxy!, or sulfiite; 

3S R3 « 1 . 1 -bis(carboethoxy)ethyl, 1 , 1 -bis(carbomethoxy)ethyl, bis(carboetho^>- 
mettayl, bis(carbometho97>nietbyl, l-carboethoj^-l-phenyl ethj^ l-carbo- 
methoxy-l^phenyl ethyl, chlorine, bromine, fluorine, iodine, 1-methyl-l- 
[carbb(2-epoxypropoxy)]etfayl, l-methyl-l-[caibo(2-faydroxyethoxy)]etfayl. 
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l-iiictM-l-[cartxK4-hydroxy4>moxy)]c%l, l-incthyi-l-[cart>o(2- 
aiiiinocthoxy)]cthyl, l.mcthyl-l-[carbo(3-trimethoxyal)dpropoxy^^ 1- 
inctliyl-14cart)o(3.triethoxysilylpropo^^ l-incthyH-[carbo(3- 
diinethoxycthoxysilyipropo}v)]elfayl. l-metlqrl*l-[carbo(2-inethoxy- 
S ethoxy)]eth^ (N,N-4i-iiietfa^aiiuiioXqrano)iii^^ N,N-4iiiiethylaimiio- 

(beiizo)iiietb^ thiometM(cya°o)™6tfayl, or thioeth^(cyano)metli^; 
n> 1 and inrtien greater than 1, the repeal units are the same or different. 

4. A process according to Claim 1 herein (iii) is selected from one or more 
10 of the following: 2,2'-azobis(isobiityromtrile), 2,2-azobis(2-butanenitrile), 4,4- 
azobis(4-cyanpcnlanoic add), l,r-azobis(cyclohcxanccarbonitriie), 2-(t-butyla2o)- 
2-cyanopropane. 2,2'-azobis[2-mcthyl-N-(l,l)- bis(hydoxymcthyl)-2-hydroxyethyl) 
propionamide, 2,2'-azobis[2-mcthyl- N-hydroxycthyl)]-propionamide, 2,2'. 
azobis(N,K-dinietfayleneMsobutyraniidine) dichloride, 2,2 •azobis(2- 
1 5 amidinopropane) dichloride, 2,2'-azobi8(N,>r-dimethyleneisobiityramide), 2,2 - 
azobis(2.mcthyl-N-[l.l-bis(hydroxynicthyl>-2^droxyethyl] propionamide), 2,2'- 
azobis(2-methyl-N-[l.l-bis(hydroxymethyl)cthyl] propionamide), 2,2'-azobis[2- 
methyl-N-(2-hydroxyethyl) propionamide], 2,2'-azobis(iso- butyranude) dihydrate, 
t-butylperoxyacetate, t-butylperoxybcnzoate, t-butj^pcroxyoctoate, t- 
20 butylperoxyneodecanoate, t-butylperoxyiso-butyrate, t-amylperoxypivalatc. t- 
butyiperoxypivalate, cumene hydroperoxide, dicumyl peroxide, benzoyl peroxide, 
potassium persulfate, ammonium persulfiite. 

S. Process of Claim 1 wherein compoimd (2) is a block copolymer of 
25 general strucnire (1) and the product is a tri- or multi-block copolymer. 



6. Process of Claim 1 employing a temperature above lOO^C. 

7. A composition consisting essentially of a polymer with a polydispersity 
30 <1 .7, having the formula 



,CH2 — 



m 



i 



:-CHr-z 



wherein: 
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Q is adected fiom the groiqi R, OR, O2CR, halogen, CO2H CO2R, CN, 

CONH2, CONHR and CONRj; 
U is sdected fiom H and R; 

V is selected from R, OR, O2CR, halogen, CO2H, CO2R, CN, CONH2, 
5 CONHR and CONR2; 

X is selected from H and R; 

Y is selected from R. OR, OjCR, halogen, CO2H, C02R, CN, CONH2, 
CONHR and CONR2; 

Z is sdected from the group H, SRl, S(0)R, S(0)2R, R^ and R^; 
10 R is sdected from the group substituted and unsubstitutedalkyl, aiyl, aralkyl, 
alkai^ and organost^ groups wherein the substituent($) are independently 
sdected from the group carbo?^ epoxy, hydroxyl, alkoxy, amino and 
halogen; 

R^ is sdected from the group H, si^stituted and unsubstituted alkyl, ar^ 
IS aralkyl, alkaryi, organosQyl wherein the substituent(s) are independently 

selected from the group carboxyl, epoxy, hydroxyl, alkoxy, amino and 
hdogen; 

R2 is sdected from the group free radicd initiator-derived fragments of 
substituted and unsubstituted alkyl, cydoalkyi, ar>d, aralkyl, alkaryi, 
20 organosil^ alkoxyalk^ alkoxyaryl, sulfiue groups wherein the substituent(s) 

are independently sdected from R, OR^ O2CR, hdogen, CO2H (and sdts), 
C02R,CN,CONH2, 

_^^^2 NH 
CONHR, C0NR2» Vl-^2 sdts) and — C (and sdts); 

H NH2 

r3 is sdected from the group radicd chain transfer agent-derived fragments of 
25 substituted and unsubstituted alkyl, cycioalkyl, aryl, aralkyl, alkaryi, 

organosilyl, alkoxyalkyl, alkoxyaryl, and PR2 groups wherein the 
substituent(s) aro indq)endently sdected from R, OR^ SR, NR2, NHR, 
O2CR, hdogen, CO2H. CO2R, CN, CONH2, CONHR, and CONR2; 
m and n are independently > 1; and 
30 wiien dther or both of m and n are greater than 1, the repeat units are the same 
or difiSsrent. 

8. A composition according to Claim 7 wherdn the polydispersity is < l.S. 
35 9. A polymer made by the process of Claim 1. 

10. A polymer mad by the process of Claim 5. 
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